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Abstract 
This paper outlines an innovative approach to the assessment of young children’s informal mathematical abilities through the use 
of especially designed games. The range of games focus on a small number of critical aspects of mathematics identified in the 
research literature as being strong predictive factors of later success in mathematics at school. Examples of two of these games, 
and the results from a pilot study are presented. Children in the pilot phase were from Hungary, Australia and Malaysia, and were 
between two and six years of age. Two of the games, one for number and one for spatial sense, are presented here as examples of 
the approach taken by the researchers. 
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1. Introduction 
While the intellectual health of a country begins in the home, prior-to-school experiences play an essential rôle in 
ensuring that all children — particularly those regarded as being ‘at risk’ — have a sound beginning. This is 
especially true in mathematics, where recent research has revealed, and emphasizes, that a sound mathematical 
background before entering formal schooling is critical to future development (Jordan, 2010), not only in 
mathematics, but also in reading (Duncan, et al., 2007; Jordan, 2010). However, appropriate tools for assessing 
children’s informal mathematical abilities, and tracking their development, are not readily found (Clements, Sarama, 
& Liu, 2008). Further, assessment instruments that are in the Mother tongue of the child, or that are culturally 
appropriate, are hard to find for non-mainstream children (see, de Lemos & Doig, 1999, for an exception to this).  
 
Recent research into adult views of young children’s mathematical development show that, while some prior-to-
school educators expressed the view that children’ds mathematics started from birth, others agreed with the view of 
many parents (Doig, Mondon, & Nasrawi, 2008) that there is no mathematical thinking by young children before 
formal schooling (Hunting, et al., 2008; Thomson, Rowe, Underwood, & Peck, 2005). These findings prompted the 
the first author to find a means of revealing and assessing the mathematical abilities of young children in a natural 
way, acceptable to parents and early childhood educators alike. Thus, while collaborating on research based on 
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using children’s literature (van den Heuvel-Panhuizen, van den Boogaard, & Doig, 2009) Doig and van den Heuvel-
Panhuizen started to devised a series of mathematical tasks that would enable young children to demonstrate their 
mathematical abilities in a non-threatening environment: namely, play.  
 
This paper outlines this innovative approach to assessing young children’s informal mathematical abilities through 
the use of games designed as instrumants for assessment. These games focus on the handful of critical aspects of 
mathematics identified in the research, and assume that learning at the prior-to-school level is active, interest- and 
orally-based. As a consequence, the mathematical games are designed for use with individual children, although it is 
possible that observation of interactions in a small group would yield data on more than a single child at the same 
time. The games are accessible to, and engaging for, children over a range of abilities and ages found in prior-to-
school settings.  
2. Methodology 
A review of the literature on children’s informal mathematics learning revealed, surprisingly, that while prior-to-
school mathematics ability was a key to later mathematical success at school, it was also a predictor of future 
success in reading as well (see, for example, Duncan, et al., 2007). Further, while counting was commonly found to 
be a strong factor in mathematical success at school, there were other aspects of mathematics that were strong 
factors as well. These included, for example, knowledge and understanding of counting (Aunola, Leskinen, 
Lerkkanen, & Nurmi, 2004), numbers, ordinality, and measurement (Duncan, et al., 2007) and number sense 
(Jordan, Kaplan, Locuniak, & Ramineni, 2007). 
 
In 2008, Doig and van den Heuvel-Panhuizeni constructed a series of games that were focussed on some basic ideas 
in number, geometry, measurement, and algebraic thinking, and logic. Following Freudenthal’s (1973) approach 
these games were designed, where-ever possible, to start with a basic concept, with concrete materials for the child 
to use, and then develop through a series of iterations to an abstract version of the game, played mentally.  
 
The purpose of the current research is to explore the viability of these games as a valid and useful approach to 
assessment of of young children. We are particularly interested in this approach for cross-cultural research purposes. 
a.     The Gumnut game 
Gumnuts are the seed-pods of the eucalyptus tree, and provide cheap and easily found ‘counters’: other suitable 
counting objects would be shells, buttons or pebbles, The game is played as described below in Figure 1. Note that 
after a few rounds, the child becomes the ‘adult’ and assumes responsibility for directing the game and correcting 
answers (See Part 3 of the game). We have reproduced the entire Gumnut Game, with its final embellishments, so 
that interested researchers may trial the game for themselves, and report to us on their experiences with it. 
 
The Gumnut game has some interesting features. These are that: 
1. The child can take on the lead rôle 
2. The numbers can be adjusted to suit the child’s skill level 
 
And the Gumnut game also allows: 
3. progression as far as the child can understand it 
4. starting with the concrete and leading on to the abstract (mental) 
 
The game is not merely counting, but involves: 
5. general number sense 
6. addition and subtraction specifically 
 
We believe that points 1 and 2 are critical to engaging young children, and making the game truly ‘play’, while 
points 3 and 4 ensure that there is no ‘ceiling’ effect in the assessment. This allows for children with exceptional 
230  Brian Doig and Connie Ompok / Procedia Social and Behavioral Sciences 8 (2010) 228–235
abilities to be engaged, and therefore assessed, fully. Finally, points 5 and 6 allow the one game to provide 
information about the child on more than one dimension. 
 
In 2008, these games were used in a small-scale pilot with Kindergarten children in Hungary. The success of this 
pilot encouraged more detailed development of the games, and these were later used with pre-school children in 
Australia, and more recently, in Sabah by Ompok. 
 
There were 56 children in the Australian sample, with ages ranging from 2 years to 5 years of age. The highest 
number of gumnuts that anyone could play the game with was 16, and not unsurprisingly both children were 5 years 
of age. These details are summarized in Table 1. In the Australian pilot the last part (Part 5) was not used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The Gumnut Game instructions 
 
 
The Gumnut Games 
 
If the child is very young try two gumnuts (counters) to start, but experience suggests that three is an ideal 
starting point from two-year-olds and upwards. 
 
Part 1 
Show the gumnuts (counters) to the child. 
Can you tell me how many (counters) I have?  
If the response is not three, ask them to count. If the child cannot agree that there are three (counters), then 
either try two (counters), or abandon this task. 
 
Part 2 
I am going to hide the (counters) in my hands. 
Do this behind your back, or by turning away from the child. Place some (counters) in each hand. 
Show your closed hands to the child. 
Which hand do you want to see (open)? Open that hand. 
How many (counters) are there? Wait for their response. 
How many (counters) are there in my other hand? After the child’s response, open that hand. 
Were you correct? 
Repeat the process, changing the number of (counters). 
 
Part 3 
Now it is your turn. Don’t let me see you hide the (counters). 
After it is your turn to say how many in each hand, ask: 
Was I correct?  
How do you know? 
 
Part 4 
If the child is fluent, play again with 4 (counters), then 5, until the task is too difficult. 
 
Part 5 
Play the game again, exactly as above, but without (counters). Say the following: 
I have some pretend (counters) in my hand. There are three of them. How many are there? 
If the child agrees with the number of counters, go back to Part 2 and continue as before. 
If the child does not ‘see’ the pretend (counters) then do not continue the game. 
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Table 1. Descriptive statistics for the Gumnut Game 
Highest 
number played 
Average age 
(years/months) 
Age range 
(years/months) 
Number 
of children 
16 5.0 5 2 
10 4.6 4-5 3 
8 3.1 3.1 1 
7 4.6 4-5 3 
6 4.0 3-5 6 
5 3.9 3-5 7 
4 3.6 3-4 4 
3 3.4 2-5 9 
2 2.6 2-3 2 
0 4.0 4 1 
 
 
 
Figure 2: Playing the Gumnut game in Sabah 
It is interesting to note that in the Australian pilot, the number at which a child can play successfully is not totally 
determined by age: for example, only one child, a four-year-old, was unable to start the Gumnut game, and one 
three-year-old played with up to 8 gumnuts successfully. 
b.     Dissections 
This spatial game is a series of dissections of a square piece of paper. The series of dissections starts with a two 
piece game and continues with a three, then a four, piece games. At each stage the child is asked to ‘fix’ the pieces 
of paper (rebuild the original square), to make a shape with the pieces and to say whether or not they can name the 
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shapes that they make. The dissections of the paper are done at the time, in front of the child. The complete 
instructions are given in Figure 3 below. 
 
Figure 4: Restoring a square in Sabah 
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Figure 3: The Dissection game instructions 
A portion of the results of the pilotting in Sabah are summarized in Table 2 below. Clearly the square is a familiar 
geometric shape to the majority of these children, as only one child could not name it.  
 
In addition, triangles, and rectangles were also known to some children. But, manipulating pieces of the dissection 
to restore them to the original square was a much more revealing task of the spatial development of these children. 
Neither of the five-year-olds were able to reconstruct a square from a three piece dissection, and neither five nor six 
Dissections 
 
Part 1 
The child is shown a square of paper. 
Do you know a name for the shape?  
What is it? 
 
The square of paper is cut along the oblique line, as shown, in front of the child. There are now two parts.  
 
Part 2 
Can you fix the shape?  
Show me. 
Is this the shape that we started with? 
How do you know? 
Part 3 
Can you think of a shape that you could make with the pieces of paper? 
Show me. 
Part 4 
Are there any other shapes that you could make?  
Draw them for me. 
 
The same steps are repeated for each of the following dissections if the child continues to be successful. 
Three-piece Game      Four-piece Game 
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year-olds could restore the four piece dissection to the original shape. In naming the shapes, the English words were 
not required, and children used their Mother-tongue or B’Hasa Malaysia as they wished. 
Table 2. Results for the Dissection Game 
Dissection Six Years Old Five Years old 
 Child 1 Child 2 Child 1 Child 2 
Two pieces     
Part 1 Naming Square Square No answer Square 
Part 2 Fixing Fixes Fixes Fixes Fixes 
Part 3 Other shape Square Triangle Square Triangle 
Part 4 Draw shape Triangle Square Square Square 
Three pieces     
Part 1 Naming Square Square Square Square 
Part 2 Fixing Fixes Fixes Cannot fix Cannot fix 
Part 3 Other shape Triangle Square Rectangle Circle 
Part 4 Draw shape Circle Square Square Triangle 
Four pieces     
Part 1 Naming Square Square Square Square 
Part 2 Fixing Cannot fix Cannot fix Cannot fix Cannot fix 
Part 3 Other shape Triangle Circle Triangle Triangle 
Part 4 Draw shape No answer Rectangle Square Square 
3. Conclusions 
Several points can be made from the evidence gathered so far in the development of these assessment games. We 
raise these briefly in the paragraphs that follow. 
Language difficulties were the most obvious issue for the Hungarian trial, despite the fact that the interviews were 
conducted by a Hungarian-speaking colleagueii. Some concepts were expressed very differently to what was 
expected. For example, children were asked to name a square piece of paper. The English translation of what the 
children said was ‘cube paper’, not ‘square’ paper as expected. However, the children were able to play the game 
successfully using this description of a square piece of paper. More trialing in other language cultures is needed to 
establish whether these issues can be ameliorated. 
The Gumnut game is a seemingly simple game that offers the researcher a view of children’s understanding of 
numbers of objects. The range of their abilities (as shown in Table 1) shows a progression that is not unexpected, but 
more data would assist in establishing a normative sense of  usual progress, and this is continuing. 
Engaging children tp play these games is not very difficult at all. Some children, of course, found that playing a 
game with an adult unusual, but the majority thought nothing of it. Once engaged the games continued until the 
adult saw that the child was finding it too difficult.  
The notion of assessment that progresses from easier to harder aspects of the same mathematical idea appears to be a 
sensible approach to the assessment of young children in their years before school. Clearly, all aspects of 
mathematics is too large a set to allow assessment of them all, therefore we have focussed on those that have been 
shown, by mathematics research in many parts of the world, to be strong predictors of future succes in school. 
Brian Doig and Connie Ompok / Procedia Social and Behavioral Sciences 8 (2010) 228–235 235
The progress of the games, from concrete (using objects) to abstract (mental objects), derives from the work of 
Freudenthal in the Netherlands (Freudenthal, 1973), and clearly distinguishes differences in children’s capacities, as 
shown in games such as the Dissection game. This will be examined in future pilotting research. 
A key point for the researcher is that these games can provide a window into children’s development in 
mathematics. At this stage, the small samples leave large parts of this development unclear, but further additional 
samples will gradually remedy this situation. Thus, over time, more children across the ages of interest (2 to 6 years) 
will be interviewed and their data added to the current pool. A further part of the current work is to develop new 
games that can be used to examine other aspects of mathematics, or supplement the existing games within the 
current aspects of mathematics. 
The strengths of this form of assessment lie in the opportunity it provides for one-on-one interaction with the 
children, the fact that it provides a clear view of children’s development, and that the game context is engaging for 
young children. A weakness with using assessment in a game context, however, is the time required for conducting 
the assessment.On the other hand, if the information gleaned from this form of assessment is more useful than that 
from other assessment practices, then one may not be as concerned: the context is, of course, the determining factor. 
Assessment that describes development, such as the notion of developmental assessment (Masters & Forster, 1996), 
is a powerful tool to put into the hands of educators of young children. However, to be truly useful, a large sample 
needs to be assessed in order to provide a normative perspective on children’s responses. At this stage, pilot samples 
do not give such a view. We encourage other researchers to adopt these two examples (and our other games as well) 
in order to build a larger pool of responses, and thus collaborate in the formation of a normative sample. 
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